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In a recent contribution to this journal Grisedale and Van Daal concluded that a single STR analysis of all available
template DNA is to be preferred over replicate analyses and a consensus approach when analyzing low template
DNA samples. A single STR analysis approach does not allow for an assessment of the validity of the resulting DNA
profile. We argue that the use of replicate amplifications is the best way to objectively quantify the extent of the
stochastic variation in the data. By applying consensus methodology and/or a probabilistic model, the
interpretation of the data will therefore be more objective and reliable.
Please see related article: http://www.investigativegenetics.com/content/3/1/14Advances in forensic DNA typing over the past 25 years
have made it possible to obtain DNA profiles from
samples with increasingly small amounts of DNA. The
consecutive interpretation of these DNA profiles can be
very complex due to stochastic effects. These effects, like
allele drop out, allele drop in (sporadic contamination
and/or elevated stutters) and heterozygous peak imbal-
ance, are inherent to low template DNA (LT-DNA) profil-
ing. One of the major challenges when interpreting
LT-DNA results is to distinguish artifact peaks from actual
alleles derived from DNA present in the sample. Statistical
models that incorporate the probabilities of stochastic
effects to provide an evidential value to DNA profile
comparisons have previously been described [1,2]. Such
probabilistic models are currently implemented in case-
work while further development and exploration are
continuing. This is in part because, as Gill and colleagues
[3] stated, ‘There is currently no statistical model that
incorporates all these parameters simultaneously. In this
respect all existing models must be considered incomplete
(indeed we must consider that a complete model is
unattainable)’. In anticipation of further development and
implementation of these statistical models, the consensus* Correspondence: b.kokshoorn@nfi.minvenj.nl
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distribution, and reproduction in any mediummethod (biological model) was proposed as a conservative
means to interpret LT-DNA profiles [4]. The optimal way
to apply this model and the use for mock case samples
were extensively studied by Benschop and colleagues
[5-7]. In their recent contribution to Investigative Genetics,
Grisedale and Van Daal report on the comparison of STR
profiling from LT-DNA extracts with and without the
consensus profiling method [8]. Based on their studies they
conclude that a single STR analysis of all available template
DNA is to be preferred over replicate analyses and a
consensus approach.
There are issues that the authors fail to address in their
study, which in our view are fundamental to case work. We
therefore do not feel that this general conclusion can be
drawn based on the data presented in the study that was
published.
The major issue that is not sufficiently addressed is
reliability of the obtained results; that is, the validity of the
peaks observed in the DNA profile. The extent to which
the results can be influenced by stochastic effects is usually
assessed by applying a stochastic threshold. This threshold
has previously been defined as an arbitrary template
amount of 100 or 200 pg per sample [4]. This definition of
stochastic threshold, however, is in disuse [9]. Samples
containing more than 100 or 200 pg are not devoid of
stochastic effects, while newer generation DNA typinged Central Ltd. This is an Open Access article distributed under the terms of the
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profiles with few stochastic effects for samples with lower
amounts of DNA. Since a threshold based on the total
amount of DNA in a sample also holds no value for mix-
tures (since the amount of DNA per donor is less), a rela-
tive fluorescence units (RFU) threshold applied to the
heights of peaks in the electropherogram is regarded to be
far more informative. Such a RFU stochastic threshold
should be determined for each STR analysis system and for
each amplification and post-PCR analysis protocol. For
instance, the Netherlands Forensic Institute has validated
and implemented the Next Generation Multiplex analysis
system [10]. Standard analysis is carried out with 29 ampli-
fication cycles and injection setting of 5 seconds at 3kV.
The stochastic threshold determined for these settings
(that is, <1% probability of drop out of heterozygous alleles)
is 175 RFU. For enhanced detection other injection settings
may be used (that is, 15 seconds at 3kV), for which a
stochastic threshold of 400 RFU has been determined.
Based on an initial DNA analysis of the sample the
best approach for subsequent DNA analyses can be
established. Only after this analysis is it clear whether
the sample is single source or contains DNA from
multiple donors. The relative contributions of donors
to the sample can also be estimated based on their
relative peak heights. A single STR analysis of all
DNA template (as suggested by Grisedale and Van
Daal) is therefore only indicated when the resulting
DNA analysis will yield a DNA profile in which all
peaks of all donors are above the specified stochastic
threshold.
Forensic practice shows that most low template
casework samples represent mixtures of DNA from
two or more donors, often in unequal mixture ratios.
In these cases, it will be nearly impossible to differen-
tiate between stochastic effects and alleles of (minor)
contributors based on a single DNA profile, even
when applying a stochastic threshold. Replicating the
DNA analysis and applying a consensus model is then
a helpful (if not essential) tool to assess the extent of
stochastic effects. Even when a probabilistic model is
applied instead of a consensus approach, replicate analyses
will better account for the uncertainties regarding the
stochastic effects in the underlying biochemical processes
[11,12].
In our experience, a single analysis of all available
template material in LT-DNA samples, as proposed
by Grisedale and Van Daal, will generally not yield a
DNA profile of sufficient quality (that is, with all
alleles of all donors above the stochastic threshold).
Therefore, even though the approach forwarded by
Grisedale and Van Daal may yield more peaks in the
DNA profile, the uncertainty about their validity will
make subsequent interpretation difficult and theinferences less reliable. A consensus approach may
yield fewer peaks (because of more allele and/or locus
drop out) but the interpretation of the remaining
peaks will be less equivocal and more objective.
Essentially, one should distinguish between the quantity
and the quality of information. In our view the latter should
be preferred in most – if not all – cases.
Abbreviations
LT-DNA: low template DNA; RFU: relative fluorescence units; STR: short
tandem repeat.
Competing interests
The authors declare that they have no competing interests.
Authors’ contribution
Both authors contributed equally and have read and approved the final
manuscript.
Received: 21 August 2012 Accepted: 5 December 2012
Published: 3 January 2013
References
1. Buckleton J, Triggs CM, Walsh SJ (Eds): Forensic DNA evidence interpretation.
Boca Raton, FL: CRC Press; 2005.
2. Perlin MW, Legler MM, Spencer CE, Smith JL, Allan WP, Belrose JL, Duceman
BW: Validating TrueAlleleW DNA mixture interpretation. J Forensic Sci
2011, 56:1430–1447.
3. Gill P, Curran J, Neumann C, Kirkham A, Clayton T, Whitaker J, Lambert J:
Interpretation of complex DNA profiles using empirical models and a
method to measure their robustness. Forensic Sci Int Genet 2008, 2:91–103.
4. Gill P, Whitaker J, Flaxman C, Brown N, Buckleton J: An investigation of the
rigor of interpretation rules for STRs derived from less than 100pg of
DNA. Forensic Sci Int 2000, 112:17–40.
5. Benschop CC, van der Beek CP, Meiland HC, van Gorp AG, Westen AA,
Sijen T: Low template STR typing: effect of replicate number and
consensus method on genotyping reliability and DNA database search
results. Forensic Sci Int Genet 2011, 5:316–328.
6. Benschop CC, Haned H, Sijen T: Consensus and pool profiles to assist in
the analysis and interpretation of complex low template DNA mixtures.
Int J Leg Med. in press.2011, Epub ahead of print.
7. Benschop CC, Haned H, de Blaeij TJP, Meulenbroek AJ, Sijen T: Assessment
of mock cases involving complex low template DNA mixtures:
a descriptive study. Forensic Sci Int Genet 2012, 6:697–707.
8. Grisedale KS, van Daal A: Comparison of STR profiling from low template
DNA extracts with and without the consensus profiling method.
Investigative Genet 2012, 3:14.
9. Gill P, Buckleton J: A universal strategy to interpret DNA profiles that
does not require a definition of low-copy-number. Forensic Sci Int Genet
2010, 4:221–227.
10. Westen AA, Grol LJW, Harteveld J, Matai AS, de Knijff P, Sijen T: Assessment
of the stochastic threshold, back- and forward stutter filters and low
template techniques for NGM. Forensic Sci Int Genet 2012, 6:708–715.
11. Pompanon F, Bonin A, Bellemain E, Teberlet P: Genotyping errors: causes,
consequences and solutions. Nat Rev Genet 2005, 6:847–859.
12. Balding DJ, Buckleton J: Interpreting low template DNA profiles.
Forensic Sci Int Genet 2009, 4:1–10.
doi:10.1186/2041-2223-4-1
Cite this article as: Kokshoorn and Blankers: Response to Grisedale and
Van Daal: comparison of STR profiling from low template DNA extracts
with and without the consensus profiling method. Investigative Genetics
2013 4:1.
